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Abstract 



The resonant production of sneutrinos at the LHC via the R-parity vio- 
lating couphngs X[ji^LiQjD^ is studied through its three-leptons signature. 
A detailed particle level study of signal and background is performed using 
a fast simulation of the ATLAS detector. Through the full reconstruction 
r~| , of the cascade decay, a model-independent and precise measurement of the 

masses of the involved sparticles can be performed. Besides, this signature 
, . ■ can be detected for a broad class of supersymmetric models, and for a 

, wide range of values of several A-^-^ coupling constants. Within the MSSM, 

I the production of a 900 GeV sneutrino for A211 > 0.05, and of a 350 GeV 

sneutrino for A211 > 0.01 can be observed within the first three years of 
LHC running. 



1 Introduction 



The most general superpotential respecting the gauge symmetries of the Standard 
Model (SM) contains bilinear and trilinear terms which are not taken into account 
in the Minimal Supersymmetric Standard Model (MSSM). Restricting to the 
trilinear part, these additional terms read as : 

W^Y. {\\,kUL,El + K,kL^QJDl + ]^\'l^,UtD'^pi\ , (1) 

where j, k are generation indices, L {Q) denote the left-handed leptons (quarks) 
superfields, and E^, D'^ and Lf^ are right-handed superfields for charged leptons, 
down and up-type quarks, respectively. 

The first two terms in Eq.(|ll) lead to violation of the lepton number ), while 
the last one implies violation of the baryon number ) . Since the simultaneous 
presence of I/i and ^ couplings could lead to a too fast proton decay, a discrete 
multiplicative symmetry which forbids the above terms in the superpotential has 
been imposed by hand in the MSSM. This symmetry, called R-parity (-Rp), is 
defined as Rp = (_ i)3-B+i+25^ where B, L and 5* respectively denote the baryon 
number, the fermion number and the spin, such that Rp = —1 {Rp = 1) for all 
supersymmetric (SM) particles. However other solutions can ensure the proton 
stability, e.g. if L only is violated, or if only U^DjDl interactions are allowed and 
the proton is lighter than the Lightest Supersymmetric Particle (LSP). Moreover, 
on the theoretical point of view, there is no clear preference, e.g. in models 
inspired by Grand Unified or string theories, between ftp and Rp conservation 
It is thus mandatory to search for SUSY in both scenarios. 

On the experimental side, the main consequence of flp lies in the possibil- 
ity for the LSP to decay into ordinary matter. This is in contrast to scenarios 
where Rp is conserved, in which the LSP is stable and escapes detection, leading 
to the characteristic search for missing energy signals in direct collider searches. 
Moreover, while in Rp conserved models, the supersymmetric (SUSY) particles 
must be produced in pairs, ^p allows the single production of superpartners, 
thus enlarging the mass domain where SUSY could be discovered. In partic- 
ular, ^p couplings offer the opportunity to resonantly produce supersymmetric 
particles 0, [^.Although the ^p coupling constants are severely constrained by 
the low-energy experimental bounds fl], |, ^, 0, §, the superpartner resonant 
production can have significant cross-sections both at leptonic [Q and hadronic 
colliders. This is this possibihty which is exploited throughout this paper. 
The resonant production of supersymmetric particles is attractive for another 
reason: Since its rate is proportional to a power 2 of the relevant ^p coupling, 
this reaction would allow an easier determination of the fip couplings than the 
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pair production. In fact in the latter case, the sensitivity on the ftp couphng 
is mainly provided by the displaced vertex analysis for the LSP decay, which is 
difficult experimentally especially at hadronic colliders. 

In this paper, we focus on the resonant SUSY particle production at the 
Large Hadron Collider (LHC) operating at a center of mass energy of 14 TeV 
with special reference to the ATLAS detector. At the LHC due to the continuous 
distribution of the centre of mass energy of the colliding partons, a parton-parton 
resonance can be probed over a wide mass domain. This is a distinct advantage 
over the situation at lepton colliders, where the search for narrow resonances 
requires lengthy scans over the centre of mass energy of the machine. 

At hadronic colliders, either a slepton or a squark can be produced at the res- 
onance through a A' or a A" coupling constant, respectively. In the hypothesis of 
a single dominant ftp coupling constant, the resonant SUSY particle could decay 
through the same ftp coupling as in the production, leading then to a two quarks 
final state for the hard process fT^, |ll], |13], [l^ . In the case where both A' and 
A couplings are non-vanishing, the slepton produced via A' can decay through A 
giving rise to the same final state as in Drell-Yan process, namely two leptons 



1^, |T^, |T6|, |T3- However, for most of the values of the fip coupling constants al- 
lowed by present indirect searches, the decays of the resonant SUSY particle via 
gauge interactions are dominant if kinematically accessible 0. In this favoured 
situation, typically, the produced superpartner initiates a cascade decay ended 
by the fip decay of the LSP. In case of a dominant A" coupling constant, due to 
the ftp decay of the LSP into quarks, this cascade decay leads to multijet final 
states which have a large QCD background |10[- Only if leptonic decays such 



as for instance Xi ~^ h^ix\ enter the cascade clearer signatures can be inves- 



tigated 1 18]. The situation is more favourable in the hypothesis of a single A' 
coupling constant, where the LSP can decay into a charged lepton, allowing then 
multileptonic final states to be easily obtained. 

We will thus assume a dominant A^^-^ coupling constant. At hadronic colliders, 
either a vi sneutrino or a U charged slepton can be produced at the resonance via 
A^j^ and the initial states are djdk and Ujdk, respectively. The slepton produced 
at the resonance has two possible gauge decays, either into a chargino or a neu- 
tralino. In both cases particularly clean signatures can be observed. For example, 
the production of a neutralino together with a charged lepton resulting from the 
resonant charged slepton production can lead to the interesting like-sign dilepton 
topology |]Ty|, ^ since, due to its Majorana nature, the neutralino decays via 
A^j-j, into a lepton as x° hujdk and into an anti-lepton as x° — *• kujdk with the 
same probability. 

In this article, we consider the single lightest chargino production at LHC as 
induced by the resonant sneutrino production pp ^ i>i ^ Xih- The single xf 
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Figure 1: Feynman diagrams for the single chargino production at hadronic col- 
liders via the X'^jj^ coupling (symbolised by a circle in the figure). The arrows 
denote the flow of the particle momentum. 

production also receives contributions from the t and u channel squark exchange 
diagrams shown in Figure |1|. In many models, the Xi neutralino is the LSP 
for most of the SUSY parameter space. In the hypothesis of a Xi LSP, the 
produced xf chargino mainly decays into the neutralino as xf ~^ XiQpQp oi' 
xf — > Xi^pJ^p- The neutralino then decays via X'^jf. as Xi ~^ 

or as 

Xi Uidjdk, Vidjdk- We concentrate on the decays of both the chargino and the 
neutralino into charged leptons, which lead to a three leptons final state. This 
signature has a low Standard Model background, and allows the reconstruction 
of the whole decay chain, thus providing a measurement of some parameters of 
the SUSY model. 



2 The signal 

2.1 Theoretical framework 

Our theoretical framework in sections |^ and ^ will be the fip extension of the 
Minimal Supersymmetric Standard Model. In Section ^ we will also give results 
in the Minimal Supergravity (mSUGRA) model. The MSSM parameters are 
the following. Mi, M2 and M3 are the soft-SUSY breaking mass terms for the 
bino, the wino and the gluino, respectively, /i is the Higgs mass parameter. 
tan/3 =< Hu > / < if^ > is the ratio of the vacuum expectation values (vev) 
for the two-Higgs doublet fields. At, Ai, and A^. are the third generation soft- 
SUSY breaking trilinear couplings. In fact, since these trilinear couplings are 
proportional to the fermion masses one can neglect the first two generations 
couplings without any phenomenological consequence in this context. Finally, 
rriq, mj and m^) are the squark, slepton and sneutrino mass, respectively. The 
value of the squark mass enters our study mainly in the determination of the 



relative branching ratios of the x° into lepton or neutrino and of the into x° 
+ quarks or x° + leptons. The remaining three parameters m'jj^, m'jj and the 
soft-SUSY breaking bihnear couphng B are determined through the electroweak 
symmetry breaking conditions which are two necessary minimisation conditions 
of the Higgs potential. 

We choose to study the case of a single dominant X2ji. allowing the reactions 
PP ~^ X^IJ'^- III section § the analysis will be performed explicitly for the 
coupling, since it corresponds to the hard subprocess dd — > x^A*^ which offers 
the highest partonic luminosity. We will take A2ii=0.09, the upper value allowed 
by indirect bound: X'211 < 0.09{m^^/100GeV) [jl| for a squark mass of 100 GeV. 
A quantitative discussion will be given below for the general case of a single 
dominant Ag^^ coupling constant. We will not treat explicitly the A'^^ couplings 
which are associated to the x'^-e'^ production, since the low-energy bounds on 
these couplings are rather more stringent than the constraints on A'a^^ and Ag^^ 
However, the three-leptons analysis from sneutrino production should give similar 
sensitivities on the X^j^ and X'2jk couplings since isolation cuts will be included 
in the selection criteria for the leptons. We will not perform the analysis of the 
X'^j^. couplings which correspond to the x^-t^ production. A technique for mass 
reconstruction in the ATLAS detector using the hadronic decays of the r has 



been demonstrated in [21]. The detailed experimental analysis needed to extract 



a signal is beyond the scope of this work. Besides, in this case the sneutrino and 



chargino mass reconstruction studied in Section |3.1| is spoiled by the neutrinos 
produced in the r decay. 



2.2 Single chargino production cross-section 

In order to establish the set of models in which the analysis presented below can 
be performed, we need to study the variations of the single chargino production 
rate a{pp X^/i^) with the MSSM parameters. 

In Figure 0, we present the cross-sections for the xf-fi"^ production through 
several X2ji. couplings as a function of the /i parameter for the fixed values: 
tan/3=1.5, M2 = 200 GeV, and m^^ = 400 GeV. For this choice of parameters 
and independently of /i, the chargino xf is lighter than the u. In this case the 
contributions of squark exchange in the t and u channels are negligible compared 
to the resonant process so that the xf"/^^ production cross-section does not de- 
pend on the squark mass. The values for the considered flp coupling constants 
have been conservatively taken equal to the low-energy limits for a sfermion mass 
of 100 GeV 1^. The cross-sections scale as Ag^-;,. 

We see on this Figure that the dependence of the rates on /i is smooth for 
|/i| > M2. This is due to the weak dependence of the xf mass on /i in this do- 
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Figure 2: Cross-sections for the xf-yU^ production as a function of the /i pa- 
rameter through various Ag^^ couplings, for tan (3=1.5, M2 = 200 GeV and 
= 400 GeV. In the case of \2ii the cross-section for xf-jj^"^ is also shown 
as the dashed line. The values of the ftp couplings have been chosen equal to: 
X'^n = 0.09, X'^u = 0.09, X'^,^ = 0.09, X'221 = 0.18, A^22 = 0.18, A^23 = 0.18, 
A231 = 0.22, A232 = 0.39 and A233 = 0.39, which correspond to the low-energy 
limits for a sfermion mass of 100 GeV f^. 
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main. In contrast, we observe a strong decrease of the rate in the region |/i| < M2 
where the xf chargino is mainly composed by the higgsino. Most of the small 
domain smaller than ~ 100 GeV for tan/? = 1.41 and mo = 500 GeV) is 
however excluded by the present LEP limits pO| . 

We also show as a dashed line on the plot the rate for the xf-f^"^ production 
through the Agn coupling. The decrease of the xf production rate with increas- 
ing \fi\is due to an increase of the xt mass. We will not consider the contribution 
to the three-leptons final state from the xt production since the rate becomes 
important only for a very limited range of small values not yet excluded by 
LEP data. 

Figure ^ also allows to compare the sensitivities that can be reached on various 
Agj^i, couplings using the single chargino production. If we compare for instance 
the cross-sections of the xf production via A211 and X'221 at /i = —500 GeV, we 
can see that for equal values of the couplings the ratios between the cross- 
sections associated to Aj^^^ and A221 is ~ 2.17. Therefore, the sensitivity that can 
be obtained on A221 is only ~ y/2.17 times weaker than the sensitivity on A211, 
for a 400 GeV sneutrino. Note that the cross-section ratio, and hence the scaling 
to be applied, in order to infer from the reach on Agn the sensitivity on another 
coupling Agjfc, depends on the sneutrino mass. The reason is that the evolution 
of the parton densities with the x-Bjorken variable is different for sea quark and 
valence quark and for different quark flavours. 

In order to study the dependence of the cross-section on the masses of the 
involved sparticles, the parameters m^; and M2 were varied, and the other model 
parameters affecting the cross-section were fixed at the values: X211 = 0.09, 
/X = —500 GeV and tan/3 = 1.5. The cross-section for xf-^i"^ production as a 
function of mc, and m -± is shown in Figure ^. Since the xf mass is approximately 
equal to M2 as long as M2 < 1/^1 5 and becomes equal to for M2 > we studied 
u masses between 100 and 950 GeV, and values of M2 between 100 and 500 GeV. 
For increasing mc the cross-section decreases due to a reduction of the partonic 
luminosity. A decrease of the cross-section is also observed for m^± approaching 
mp, since the phase space factor of the decay u ^ xfji^ following the resonant 
sneutrino production is then suppressed. In the region m^± > m^, the chargino 
production still receives contributions from the s channel exchange of a virtual 
sneutrino, as well as from the t and u channels squark exchange which in that 
case also contribute significantly. However, in this phase space domain where the 
resonant sneutrino production is not accessible, the cross-section is considerably 
reduced. 

Finally, the single chargino production rate depends weakly on the A trilinear 
couplings. Indeed, only the t and u channels squark exchange, varying with the 
squark mass which can be influenced by A, depends on these couplings. The 
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Figure 3: Cross-section for xf-f^"^ production as a function of rrij;, and m-± in 
the MSSM for the choice of values jj, = —500 GeV, tan/5 = 1.5 and X211 = 0.09. 
The hatched region at the upper left corresponds to niy < m-± . The cross-hatched 
region at low m-± is excluded by the preliminary LEP results at = 196 GeV 



dependence of the rate on the tan (3 parameter is also weak. 
2.3 Three leptons branching ratio 

We calculate the total three leptons rate by multiplying the single chargino 
cross-section by the chargino branching ratio, since we neglect the width of 
the chargino. The three-leptons final state is generated by the cascade decay 
xf — > xV-^^P) Xi ~^ f^'^d. For my,mi,mq,m^o > rn^i:, the chargino decays 
mainly into a real or virtual W and a x? and hence its branching fraction for the 
decay into leptons (lepton=e, /i) is ~ 22%. In particular kinematic configurations, 
the ftp modes can compete with the gauge couplings, affecting the xt branching 
fractions. However, this does not happen as long as the chargino is sufficiently 
heavier than the neutralino, as is the case for example in supergravity inspired 
models. When x\ is the LSP, the branching ratio -B(xi ~^ fiud) ranges between 
~ 40% and ~ 70%. For values of much smaller than M2 the other allowed 
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decay Xi ^ Vfidd becomes dominant, spoiling the three-leptons signature. 



3 Experimental analysis 



3.1 Mass reconstruction 

The analysis strategy is based on the exploitation of the decay chain: 

I'n Xi 

U W+ ^ e+(^+)z/ (2) 
^-^ /i^ q q' 

which presents a sequence of three decays which can be fully reconstructed. The 
strong kinematic constraint provided by the masses of the three sparticles in the 
cascade is sufficient to reduce the contribution of the different background sources 
well below the signal rate. 

The signal events were generated with a version of the SUSYGEN Monte- 



Carlo ||22| modified to allow the generation of pp processes. The hard-subprocess 
QQ' ^ X^f^^ is first generated according to the full lowest order matrix elements 
corresponding to the diagrams depicted in Figure Cascade decays of the x's 
are performed according to the relevant matrix elements. The parton showers 



approach [^] relying on the DGLAP ||2^ evolution equations is used to simulate 



QCD radiations in the initial and final states, and the non-perturbative part of 
the hadronization is modeled using string fragmentation |^|. The events were 



then processed through the program ATLFAST |2^, a parameterized simulation 
of the ATLAS detector response. 

In this section, the analysis will be performed for the flp coupling X211 = 0.09 
and for the following MSSM point: 

Ml = 75 GeV, M2 = 150 GeV, /i = -200 GeV, tan/? = 1.5, At = Ab = = 0, 
mj = 300 GeV. 

For this set of MSSM parameters, the masses of the relevant gauginos are: 

m^o = 79.9 GeV m^± = 162.3 GeV 

and the xf decay into an on shell W has a branching ratio of order 100%. The 
total cross-section for the resonant sneutrino production pp u is 37 pb. If 
we include the branching fractions into the three leptons, the cross-section is 
3.3 pb, corresponding to ~ 100000 events for the standard integrated luminosity 
of 30 fb~^ for the first three years of LHC data taking. 
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The signal is characterised by the presence of three isolated leptons and two 
jets. For the initial sample selection we require that: 

• Exactly three isolated leptons are found in the event, with p]. > 20 GeV, 

2 3 

Pji > 10 GeV, where pr is the momentum component in the plane perpen- 
dicular to the beam direction, and pseudorapidity < 2.5. 

• At least two of the three leptons must be muons. 

• At least two jets with pt > 15 GeV are found. 

• The invariant mass of any pair is outside ±6.5 GeV of the Z mass. 

The isolation prescription on the leptons is necessary to reduce the background 
from the semileptonic decays of heavy quarks, and consists in requiring an energy 
deposition of less than 10 GeV not associated with the lepton in a pseudorapidity- 
azimuth (77 — 0) cone of opening AR — 0.2 around the lepton direction. 

The efficiency for these cuts, after the branching fractions have been taken 
into account, is ~ 25%, where half of the loss comes from requiring three isolated 
leptons, and the other half is the loss of jets from Xi decay either becaiisc they 
are not reconstructed, or because the two jets from the decay are reconstructed as 
a single jet . The Z mass cut gives a 10% loss in statistics. In order to avoid the 
combinatorial background from additional QCD events we further require that 
no third jet with p^- > 15 GeV is reconstructed in the event. The efficiency after 
this cut is ~ 15%. 

The reconstruction of the sparticle masses could be performed either starting 
from the Xi reconstruction and going up the decay chain, or trying to exploit the 
three mass constraints at the same time. We choose the first approach which is 
not optimal, but allows a clearer insight into the kinematics of the events. 

The first step in reconstruction of the j^t jet is the choice of the 

correct muon to attempt the reconstruction. The three leptons come in the 
following flavour-sign conflgurations (-|- charge conjugates): 

1. /x~e"'"/i"'" 

2. iJ,~e'^iJ,~ 

3. ii~ fi^ii'^ 
4. 
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Figure 4: fi-jet-jet invariant mass for events in configuration 1. (see text) Left: 
exclusive two jet events with superimposed (hatched) the combinatorial background 
Right: x? peak after background subtraction. 



where the first lepton comes from the z/^, the second one from the IV, and the 
third one from the Xi decay, corresponding to three final state signatures : 1) 
two opposite sign muons and an electron Q, 2) two same- sign muons and an 
electron, 3-4) three muons. The configuration with three same-sign muons does 
not correspond to the required signature and is rejected in the analysis. For 
signature 1) the muon produced in the x? decay is defined as the one which has 
the same sign as the electron. For configuration 2) both muons must be tested 
to reconstruct the Xi- Foi' configuration 3-4), the x\ muon must be one of the 
two same-sign ones. 

In order to minimise the combinatorial background we start the reconstruc- 
tion from signature 1) where each lepton is unambiguously attributed to a step 
in the decay. The distribution of the /i-jet-jet invariant mass is shown in the left 
plot of Figure ^. A clear peak is visible corresponding to the Xi mass superim- 
posed to a combinatorial background of events where one of the two jets from the 
X? was lost and a jet from initial state radiation was picked up. The combinato- 
rial background can be evaluated using three-jet events, where at least one jet is 
guaranteed to come from initial state radiation. The shape of the combinatorial 
background estimated with this method is shown as the shaded histogram su- 
perimposed to the signal peak. After background subtraction, an approximately 
gaussian peak with a width of ~ 4.5 GeV, and a statistics of about 1050 events 



^Here and in the following, "electron" stands for both e+ and e 
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Figure 5: Lepton-jet-jet invariant mass for exclusive two-jet events where the Xi 
lepton is uniquely defined, for four different values of the Xi mass: m^o =80, 
150, 200 and 250 GeV. In all cases the sneutrino mass is set at 500 GeV, 
—jj, = M2 = 2Mi, and tan/? = 1.5, yielding a xf mass twice the Xi mass. All 
the sfermion masses are set to 500 GeV. The normalisation is arbitrary. 
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is reconstructed, shown in the right of Figure ^. If we consider a window of 
±12 GeV around the peak, corresponding to ~ 2.5cr of the gaussian, ~ 1500 
events are observed in the sample, and the combinatorial contamination is ap- 
proximately ~ 30%. A tail towards low mass values is observed, corresponding 
to events where a fraction of the parton energy is lost in the jet reconstruction. 
From this distribution the Xi mass can be measured with a statistical error of 
~ 100 MeV. The measurement error will in this case be dominated by the sys- 
tematic error on the jet energy scale which in ATLAS is estimated to be at the 



level of 1% 31 



The 30% combinatorial background is due to the 'soft' kinematics of the chosen 
example point, with a Xi which is both light and produced with a small boost. 
In order to show the effect of the mass hierarchy of the involved sparticles, the 
shape of the Xi mass peak is shown in Figure ^ for a sneutrino mass of 500 GeV 
and different choices for the Xi mass. In all cases the xf mass is twice the Xi 
mass, corresponding to the gauge unification condition and to \fi\ values of the 
same order as M2. The combinatorial background is in general smaller than for a 
300 GeV sneutrino, due to the higher boost imparted to the xi, and it decreases 
with increasing Xi masses, due to the higher efficiency for reconstructing both 
jets from the Xi decay. For this analysis no attempt has been done for the recali- 
bration of the jet energy. This results in the skewing of the distributions towards 
low masses, and in the peak value being slightly displaced with respect to the 
nominal mass value. 

Once the position of the Xi mass peak is known, the reconstructed Xi statistics 
can be increased by also considering signatures 2) and 3-4). For events coming 
from signatures 2 to 4, the Xi candidate is defined as the muon-jet-jet combina- 
tion which gives a mass nearest to the mass peak determined from signature 1) 
events. In all cases the reconstructed mass is required to be within ±12 GeV of 
the peak position to define a Xi candidate. In 83% of the events containing at 
least a combination satisfying this requirement, only one Xi candidate is found, 
and this sample can be used to improve the statistical precision on the Xi mass 
measurement. 

Using the above definition of the Xi^ we can go further in the mass recon- 
struction of the involved sparticles. Only configurations 1) and 2) are used, i.e. 
the events containing two muons and an electron in order to avoid ambiguities 
in the choice of the lepton from the W decay. The preliminary step for the re- 
construction of the xf is the reconstruction of the W boson from its leptonic 
decay. The longitudinal momentum of the neutrino from the W decay is calcu- 
lated from the missing transverse momentum of the event (considered as p^) and 
the requirement that the electron-neutrino invariant mass gives the W mass. The 
resulting neutrino longitudinal momentum, has a twofold ambiguity. We there- 
fore build the invariant W — Xi mass candidate using both solutions for the W 
boson momentum. The resulting spectrum is shown in Figure ^ as the full line 
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Figure 6: Invariant mass of the Xi with the W candidate. The full line histogram 
includes both solutions for the neutrino longitudinal momentum, the grey one only 
includes the solution which gives the mass nearest to the measured peak. 



histogram. A clear peak is seen, superimposed on a combinatorial background. 
If only the solution yielding the xf mass nearest to the measured mass peak is 
retained, the mass spectrum corresponding to the shaded histogram is obtained. 
The peak in the unbiased histogram can be fitted with a gaussian shape, with a 
width of ~ 6 GeV. 

The combination with the mass nearest to the measured peak is taken as xf 
candidate, provided that the reconstructed mass is within 15 GeV of the peak. 
For 80% of the e/i/i events where a Xi candidate is found, aW — Xi combination 
satisfying this requirement is reconstructed. 

Finally the xf candidates are combined with the leftover muon, yielding the 
mass spectrum shown in Figure |^ The 9 mass peak at this point presents very 
limited tails, and has a width of ~ 10 GeV. We define fully reconstructed events 
as those for which this mass lies within 25 GeV of the measured 9 peak. From 
the estimate of the combinatorial under the Xi peak, we expect approximately 
2 X 1050 = 2100 events where all the jets and leptons are correctly assigned over 
a total of 2450 events observed in the peak. The difference between the two 
numbers are events for which one of the two jets used for the Xi reconstruction 
comes from initial state radiation. These jets are typically soft, and therefore the 
reconstructed Xi candidate very often has a momentum which both in magnitude 
and direction is close to the momentum of the original Xv Therefore for such 
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Figure 7: Invariant mass of the third lepton in the event with the xt candidate. 



events the reconstructed x? behaves in the further steps in the reconstruction as 

the real one, only inducing some widening in the xf and u peaks. 

The statistics available at the different steps in the analysis for an integrated 

luminosity of 30 fb~^ is given in the first column of Table |l|. For the assumed 

value of the coupling, X211 = 0.09, the uncertainty on the measurement of all the 

three masses involved will be dominated by the 1% uncertainty on the jet energy 

scale. 

The efficiency for the reconstruction of the full decay chain with the analysis 
described above is ~ 2.5%. A more sophisticated analysis using also the three- 
muons events should approximately double this efficiency. 

From the observed number of events and the u mass a measurement of the quan- 
tity X'211 X BR, where BR is the product of the branching ratios of the decays 
shown in equation ||, is possible. The measurement of additional SUSY processes 
will be needed to disentangle the two terms of this product. 

3.2 Standard Model Background 

The requirement of three isolated leptons in the events strongly reduces the possi- 
ble background sources. The following processes were considered as a background: 

• tt production, followed by t ^ Wb, where the two W and one of the b 



14 



Process 


bignal 


tt 


w z 


Woo 


Wt 


Zo 


a (pb) 
Ne.(30 fb-1) 
Loose cuts 
Jet veto 


3.3 
1 X 10^ 
23600 
14200 
6750 
2700 
2450 


590 
1.7 X 10' 
2900 
1450 
158 
8 



26 

8 X 10^ 
53 
38 
4 
0.4 
0.25 


300 
9 X 10^ 
2.4 


60 

1.8 X 10^ 
3.5 


7000 
2.1 X 10« 
56 
30 



Table 1: Cross-sections and expected numbers of events after cuts for the sig- 
nal and the different Standard Model background contributions considered in the 
analysis. The "Loose cuts" are described at the beginning of section and the 



"Jet veto" consists in adding the requirement that no third jet with px > 15 GeV 
is reconstructed in the event. The line labelled "xi " gives the number of events 
from signatures 1 to 4 (^■fifJ' and fififi) for which a Xi candidate is found. The line 
labelled "xf" shows the number of events from signatures 1 and 2 (efifi) where 
a xf candidate is found in addition, and the last line indicates the number of 
fully reconstructed events. In the case of the signal, we give the cross-section for 
the resonant sneutrino production multiplied by the branching ratios into three 
leptons. 



quarks decay leptonically. 

WZ production, where both bosons decay leptonically. 
Wt production 
Wbb production 
Zb production 



These backgrounds were generated with the PYTHIA MonteCarlo |2^ , except Wt 
and Wbb for which the ONETOP parton level generator was used, interfaced 
to PYTHIA for hadronisation and fragmentation. The cross-sections for the 
various processes, and the number of total expected events for an integrated 
luminosity of 30 fb"^ are given in Table 0, according to the cross-section numbers 
used in the ATLAS physics performance TDR [pT|. In particular, even when the 



cross-section is known at NLO, as in the case of the top, the Born cross-section 
is taken for internal consistency of the study. 

For each of the background processes a sample of events between one seventh 
and a few times the expected statistics was generated and passed through the 
simplified simulation of the ATLAS detector. 



15 




Figure 8: Invariant mass of the Xi candidates entering the kinematic analysis 
superimposed to the Standard Model background (hatched). 



After the loose selection cuts described in Section |3T^, the background is 
dominated by top production, as can be seen from the numbers shown in Table |I[ 
The distribution of the /x-jet-jet invariant mass for background events, obtained 
as in Section and corresponding to the Xi candidates selection, is shown as 
the hatched histogram in Figure ^. In this figure we have superimposed the 
same distribution for the signal. Already at this level, the signal stands out very 
clearly from the background, and in the following steps of the reconstruction the 
background becomes almost negligible. The numbers of background and signal 
events expected at the various steps of the reconstruction can be compared in 
Table 0. The full analysis was performed only for the tt and WZ background 
because for the other channels the background is essentially negligible compared 
to top production, and in most cases the MonteCarlo statistics after the initial 
selection was too low to allow a detailed study. For the SUSY model considered 
and the chosen value of the A' coupling constant, even the loose selection applied 
allows to efficiently separate the signal from the background. 



3.3 Sensitivity on A' 



From these results, it is possible to evaluate the minimum value of the X211 cou- 
pling for which it will be possible to discover the signal. The starting point in 
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the analysis is the observation of a peak in the muon-jet-jet invariant mass over 
an essentially flat background. All of the further analysis steps of the cascade 
reconstruction rely on the possibility of selecting the events with a mass around 
the Xi peak. 

For the observation of the peak, the best signal/background ratio is obtained us- 
ing the three- muons sample (configurations 3 and 4 above). In the Standard 
Model, which incorporates lepton universality, about one eight of the three- 
leptons events present a three-muons configuration, whereas about half of the 
signal events come in this configuration, thereby granting an improvement of a 
factor 4 in signal over background, with respect to the full sample. The three 
muons come either in the ' — h +' or in the ' — I — ' sign configuration, because 
the two muons from the decay chain i>(i>) X^/^^ ~^ Xif^'^ must have oppo- 
site sign, whereas the x? can decay to muons of either sign. Therefore the muon 
for the Xi reconstruction must be chosen between the two same-sign ones. The 




Figure 9: Invariant mass of the x^ candidates from three-muon events scaled 
down by a factor 25, corresponding to a \' value of 0.018, superimposed to the 
Standard Model background (hatched). 



distribution for the /i-jet-jet invariant mass, for events containing two jets and 
three muons is shown in Figure |^, scaled down by a factor 25, corresponding to a 
A' value of 0.018, superimposed to the expected top background. In the distribu- 
tion each event enters twice, for each of the two same-sign muons which can be 
used to reconstruct the Xi- We expect, however, that the combination with the 
"wrong" muon gives in most reconstructed mass outside of the Xi peak. 
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A statistical prescription is needed to define the fact tliat a peak structure is seen 
in tlie signal+background distribution. Given tlie exploratory nature of the work, 
we adopt the naive approach of calculating the A' value for which S/ \fB = 5, 
where S and B are respectively the number of signal and background candidates 
counted in an interval of ±15 GeV around the measured Xi peak. The window 
for the definition of a Xi candidate is enlarged with respect to the analysis de- 
scribed in Section |3.1| , in order to recover the non-gaussian tail of the signal peak, 
thus increasing the analysis efficiency. In this interval, for the chosen point, for 
an integrated luminosity of 30 fb~^, S = 580000 x (A')^ and B = 46 events. In 
the hypothesis that the tt background can be precisely measured from data, the 
lower limit on Agn is: 

A;„ > 0.0075 



The pair production of SUSY particles through standard _Rp-conserving processes 
is another possible source of background, due to the possibility to obtain final 
states with high lepton multiplicity, and the high production cross-sections. This 
background can only be evaluated inside models providing predictions for the 
whole SUSY spectrum. As a preliminary study, a sample of events were generated 
with the HERWIG 6.0 MonteCarlo ^ by setting the slepton masses at 300 GeV, 
the masses of squarks and gluinos at 1000 GeV and the chargino-neutralino spec- 
trum as for the example model. The total -Rp-conserving cross-section is in this 
case ~ 6 pb. A total of 60 SUSY background events which satisfy the require- 
ments used above to define 5* and B are observed. All the events surviving the 
cuts are from direct chargino and neutralino production, with a small contribu- 
tion from Drell-Yan slepton production. Since the contributions from squark and 
gluino decays are strongly suppressed by the jet veto requirements, this result can 
be considered as a correct order of magnitude estimate, independently from the 
assumed values for the squark and gluino masses. Moreover, the reconstructions 
of the chargino and sneutrino masses can also be used in order to reduce the 
SUSY background. A more thorough discussion of the SUSY background will be 
given below in the framework of the mSUGRA model. 



4 Analysis reach in various models 

For the example case studied in Section jO] it was shown that the sneutrino 
production signal can be easily separated from the background, and allows to 
perform precision measurements of the masses of the sparticles involved in the 
decay chain. 

The analysis can be generalised to investigate the range of SUSY parameters in 
which this kind of analysis is possible, and to define the minimum value of the A' 
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constant which gives a detectable signal in a given SUSY scenario. The different 
model parameters enter the definition of the detectability at different levels: 

• The sneutrino production cross-section is a function only of the sneutrino 
mass and of the square of the R-parity violating coupling constant. 

• The branching fraction of the sneutrino decay into three leptons is a function 
of all the SUSY parameters. 

• The analysis efficiency is a function of the masses of the three supersym- 
metric particles involved in the decay. 




200 400 600 800 

m(5ct) (GeV) 



Figure 10: Efficiency for reconstructing a ji-jet-jet invariant mass within 15 
GeV of the x? raass in three-muons events, as a function of the mass. The 
shown points were generated with the following parameters: —fi = M2 = 2Mi, 
tan/3 = 1.5. All the sfermion masses are set equal to the sneutrino mass. Points 
for nil) = 300, 500 and 900 GeV are shown. 

The dependences of the cross-section and branching ratios on the SUSY parame- 
ters were discussed in Section ^ for the MSSM, and are summarised in Figures || 
and ^. We only need at this point to parameterize the analysis efficiency as a 
function of the sparticle masses. The number of signal events for each considered 
model will then be obtained by multiplying the expected number of three-lepton 
events by the parameterized efficiency. 
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4.1 Efficiency of the three-muon analysis 



According to the discussion presented in Section |3.3| , we need to calculate the 
efficiency for the signal process to satisfy the following requirements: 



• to pass the initial selection cuts described in Section ^]T] (Loose cuts), in- 
cluding the veto on the third jet (Jet veto); 

• to contain three reconstructed muons, with one of the /i-jet-jet invariant 
masses within 15 GeV of the x? mass. 

Three sneutrino masses, mi> = 300, 500 and 900 GeV were considered, and for 
each of these the evolution of the efficiency with the xf mass was studied. The 
mass of the Xi "w^^is assumed to be half of the mass of the xf^ relation which is 
in general valid in SUGRA inspired models and correspond to a choice of values 
for |/i| of the same order as M2. 



The analysis efficiency is shown in Figure [1^ as a function of the z/^ mass and 
of the xf mass. The efficiency values are calculated with respect to the number 
of events which at generation level did contain the three leptons, therefore they 
only depend on the event kinematics and not on the branching ratios. The loss 
of efficiency at the lower end of the xf mass spectrum is due to the inefficiency 
for detecting two jets from the Xi decay, either because the two jets are recon- 
structed as a single jet, or because one of the two jets is below the detection 
threshold of 15 GeV. The efficiency then becomes approximately independent 
of the masses of the sneutrino and of the xf^ up to the point where the u and 
xf masses become close enough to affect the efficiency for the detection of the 
muon from the u xf decay; for m,> — m-± < 10 GeV the analysis efficiency 
rapidly drops to zero. The moderate decrease in efficiency at high xf masses for 
= 900 GeV can be ascribed to the fact that one of two energetic jets from 
the Xi decay radiates a hard gluon, three jets are reconstructed, and the event is 
rejected by the jet veto. 

At this point all the ingredients are available to study the reach in the parameter 
space for the analysis presented in Section ^ within different SUSY models. 



4.2 Analysis reach in the MSSM 



The region in the mi>-m-± plane for which the signal significance is greater than 

' 1.3| , and at least 10 signal events are observed for an 
is shown in Figure |Tl| for different choices of the 



5(7, as defined in Section 
integrated luminosity of 30 fb" 
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Figure 11: 5cr reach in the mj;,-m-± plane for three different choices of the 
A211 coupling for an integrated luminosity of 30 fb^^ at the LHC. The cho- 
sen model parameters were: /i = —500 GeV, tan/5=i.5, rrig = mj = 300 GeV, 
= Ah = At- = 0, M2 = 2Mi. The significance is defined only considering the 
Standard Model background, and a signal of at least ten events is required. The 
hatched region at the upper left corresponds to rriy < m -± . The cross-hatched re- 
gion at low m-± is excluded by the preliminary LEP results at y/s = 196 GeV 



\2ii constant. The behaviours of the sensitivity curves in the mj)-m^± plane are 
well explained by the variations of the single chargino production cross-section 
shown in Figure § in the same plane of parameters. The SUSY background is not 
considered in the plot, as it depends on all the model parameters. It was however 
verified in a few example cases that for our analysis cuts this background is dom- 
inated by direct chargino and neutralino production, and it becomes negligible in 
the limit of high Xi and masses. The main effect of taking into account this 
background will be to reduce the significance of the signal for xf masses lower 
than 200 GeV. 



From the curves in Figure [n| we can conclude that within the MSSM, the 
production of a 900 GeV sneutrino for > 0.05, and of a 350 GeV sneutrino 
for X211 > 0.01 can be observed within the first three years of LHC running. 
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•^211 


\/ 

^212 


\/ 

"^213 


\/ 

"^221 


\/ 

^222 


"^223 


-^231 


\' 

^232 


\/ 

^233 


0.01 


0.02 


0.02 


0.02 


0.03 


0.05 


0.03 


0.06 


0.09 



Table 2: Sensitivities on the X^j^ coupling constants deduced from the sensitivity 
on A'an f or ta^n l3 = 1 . 5 , Mi = 100 GeV, Ms = 200 GeV, ^ = -500 GeV, rriq = 
mi = 300 GeV and rrii^ = 400 GeV. 



provided that the sneutrino is heavier than the hghtest chargino. 

The sensitivity on an couphng of type Agj^ can be derived from the sensi- 
tivity obtained for Agn, as explained in Section B]^. For example, we have seen 



that the sensitivity on A221 was ~ 1.5 times weaker than the sensitivity on \'2ii, 
for tan/5=1.5, M2 = 200 GeV, /i = -500 GeV and = 400 GeV. This set of pa- 



rameters leads to a sensitivity on X'211 of about 0.015 as can be seen in Figure 11 
and hence to a sensitivity on A221 of ~ 0.022. In Table ^ we present the sensi- 
tivity on any \2jf^ coupling estimated using the same method and for the same 
MSSM parameters. Those sensitivities represent an important improvement with 
respect to the low-energy limits of 

In the case of a single dominant A2J3 coupling the neutralino decays as Xi ~^ fJ^ujb 
and the semileptonic decay of the b-quark could affect the analysis efficiency. 
Hence in this case, the precise sensitivity cannot be simply calculated by scaling 
the value obtained for A211. The order of magnitude of the sensitivity which can 
be inferred from our analysis should however be correct. 



4.3 Analysis reach in mSUGRA 



Our framework throughout this Section will be the so-called minimal supergrav- 
ity model. In this model the parameters obey a set of boundary conditions at 
the Grand Unification Theory (GUT) scale M^. These conditions appear to be 
natural in supergravity scenario since the supersymmetry breaking occurs in an 
hidden sector which communicates with the visible sector only through gravita- 
tional interactions. First, mSUGRA contains the gauge coupling unification at 
Mx, such an unification being suggested by the experimental results obtained at 
LEP I. One can view the gauge coupling unification assumption as a fixing of 
the GUT scale Mj,. Second, the gaugino (bino, wino and gluino) masses at M^. 
are given by the universal mass mi/2- the parameters mi/2 and Mi [i = 1,2,3] 
are thus related by the solutions of the renormalization group equations (RGE). 
Besides, since the gaugino masses and the gauge couplings are governed by the 
same RGE, one has the well-known relation: Mi = |tan^6'vyM2. Similarly, at 
Mx, the universal scalars mass is mo and the trilinear couplings are all equal to 
Aq. Finally, in mSUGRA the absolute value of the higgsino mixing parameter 
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Figure 12: Curves of equal mass for v and Xi i'n the mQ—mi/2 plane for tan (3 = 2. 
The grey region at the upper left indicates the domain where the Xi is not the LSP. 
The cross-hatched region for low mi/2 gives the kinematic limit for the discovery 
of xf or I by LEP running at y/s = 200 GeV. The dotted line shows the region 
below which the xf decays to a virtual W. 
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as well as the bilinear coupling B are determined by the radiative electroweak 
symmetry breaking conditions. Therefore, mSUGRA contains only the five fol- 
lowing parameters: sign{fi), tan/3, Aq, mo and mi/2. 

Due to the small dependence of the single chargino production rate on the 
IJ, parameter for M2 < \fi\ (see Section 0), the study of the mSUGRA model 
in which \fi\ is fixed by the electroweak symmetry breaking condition provides 
information on a broader class of models. The single chargino production rate 
depends mainly on the values of mo and mi/2 (see Section ^). We will set Aq = 0, 
and study the detectability of the signal in the mg — mi/2 plane. We show in 
Figure O the curves of equal mass for u and xf for tan P = 2 calculated with 



the ISASUSY [g8| package which uses one-loop RGE to get the SUSY spectrum 



from the mSUGRA parameters. 

The signal reach can be easily evaluated from the sparticle mass spectrum 
and branching fractions by using the parameterization of the analysis efficiency 



shown in Figure 10. 



4.3.1 Supersymmetric background 

In the case of a well constrained model as mSUGRA, the SUSY background can 
in principle be evaluated in each considered point in the parameter space. For 
this evaluation the full SUSY sample must be generated for each point, requiring 
the generation of a large number of events. 

The sparticle masses for the model studied in detail in Section ^ uniquely 
define a model in the mSUGRA framework. Therefore, as a first approach to 
the problem, a full analysis was performed for this model, corresponding to the 
parameter values: 

mo = 275 GeV, mi/2 = 185 GeV, tan/? = 1.5, /i < 0, Aq = 0. 

For this mSUGRA point, the mass scale for squarks/gluinos is in the proximity of 
500 GeV, and the total cross-section for all the SUSY particles pair productions is 
approximately 130 pb, yielding a signal of ~ 4 10^ events for the first three years 
of data-taking at the LHC. A total of 400k events were generated and analysed. 
The number of surviving events after cuts in the three-muons sample was 47 ±21 
for an integrated luminosity of 30 fb~^. All the background events come from 
direct chargino and neutralino production, as it was the case for the MSSM point 



studied in Section |3]^. As a cross-check, we generated for the same mSUGRA 
point only the processes of the type pp ^ x + where x denotes either or 
X^, and X any other SUSY particle. The cross-section is in this case ~ 6 pb. 
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mo (GeV) 

Figure 13: Number of SUSY background events for an integrated luminosity of 
30 fb~^ in the mo — mi/2 plane with tan (3=2 for a few selected test models. The 
hatched region at the upper left corresponds to m^, < m-±. The cross-hatched 

region for low mi/2 gives the kinematic limit for the discovery of xf or I by LEP 
running at y/s = 200 GeV. 



and the number of background events is 39 ± 7 events, in good agreement with 
the number evaluated generating all the SUSY processes. 

Based on this result, we have performed a scan in the mo — mi/2 plane the 
fixed values tan/3 = 2, yU < 0. On a grid of points we generated event samples 
for the pp —>■ X ~^ ^ processes with the HERWIG 6.0 MonteCarlo [^. The 
number of SUSY events with a /i-jet-jet combination with an invariant mass 
within 15 GeV of the Xi mass is shown in Figure |13| in the mo — mi/2 plane 



for an integrated luminosity of 30 fb^^. The background is significant for a xf 
mass of 175 GeV (mi/2 =200 GeV), and becomes essentially neghgible for xf 
mass of 260 GeV (mi/2 =300 GeV). This behaviour is due to the combination 
of two effects: the x^x^ production cross-section decreases with increasing x^ 
mass, and the probability of losing two of the four jets from the decay of the two 
x1 in the event becomes very small for a xf mass of ~ 220 GeV. Indeed, the 
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suppression of the SUSY background is mainly due to the Jet veto cut. 



Given the high SUSY cross-section, and the high lepton multiphcity from Xi 
decays, a prominent signal should manifest itself through R-conserving sparticle 
pair production in this scenario. Single resonant sneutrino production will then 
be used as a way of extracting information on the value of the i?p-violating cou- 
pling constant, and of precisely measuring the masses of i>^, xt^ Xi- Moreover, 
thanks to the very high number of produced Xi expected from q/g pair produc- 
tion, the Xi mass will be directly reconstructed from q and g decays, as shown 
in So, for the present analysis it can be assumed that the Xi mass is ap- 
proximately known, and an attempt to reconstruct the xf peak can be performed 
even if the xi reconstruction does not yield a significant peak over the SUSY+SM 
background. In order to perform the full reconstruction, one just needs to ob- 
serve a statistically significant excess of events over what is expected from the 
Standard Model background in the mass region corresponding to the known Xi 
mass. The full kinematic reconstruction described in Section above will then 
easily allow to separate the process of interest from the SUSY background. 



4.3.2 Results 



Based on the discussion in the previous section we calculate the signal signifi- 
cance as 5*/ V^, where for the signal 5* we only consider the resonant sneutrino 
production, and for the background B we only consider the SM background. We 



show in Figure |TJ for tan (3 = 2 and for the two signs of /i the regions in the 
mo — wii/2 plane for which the signal significance exceeds 5cr and the number of 
signal events is larger than 10, for an integrated luminosity of 30 fb~^. The reach 
is shown for three different choices of the Agn parameter: \'2ii = 0.01, 0.025, 0.05. 
Even for the lowest considered coupling the signal can be detected in a significant 
fraction of the parameter space. The dotted line shows the region below which 
the xf decays to the Xi ^ virtual W, thus making the kinematic reconstruc- 
tion of the decay chain described in Section |3]l| impossible. The reconstruction 
of the Xi is however still possible, but the reconstruction efficiency drops rapidly 
due to the difficulty to separate the two soft jets from the Xi decay. A detailed 
study involving careful consideration of jet identification algorithms is needed to 
assert the LHC reach in that region. 



As observed in , the efficiencies quoted for this analysis rely on a branching 
ratio of ~ 100% for the decay xf ~^ ^Xi- This is in general true in SUGRA 
models as long as the fi is heavier than the xf, corresponding to moderate 
values for tan/5. For high tan/5, the decay xf ~^ ^i^t can become kinematically 
possible, and its branching ratio can dominate the standard xf ~^ ^Xi- The 
stau in turns typically decays as fi rxi- The three- leptons signature is in 
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Figure 14: 5a reach in the tuq — mi/2 plane for tan (3 =2 and three different 
choices of the X211 coupling for an integrated luminosity of 30 fb~^ at the LHC. 
The significance is defined only considering the Standard Model background, and 
a signal of at least ten events is required. The dotted line shows the region below 
which the xf decays to a virtual W. 
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Figure 15: 5a reach in the mo — m\/2 plane for tan/3=c5'5 and three different 
choices of the \'2ii coupling for an integrated luminosity of 30 fb"^ at the LHC. 
The significance is defined only considering the Standard Model background, and 
a signal of at least ten events is required. The dashed line shows the region below 
which the xf decays to a virtual W. The region to the left of the dotted lines has 
a branching ratio for xf ^iVr larger than 50%, and the grey area indicates the 
region for which a low signal efficiency is expected. 
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this case even enhanced, due to the higher branching fraction into electrons and 
muons for the r compared to the W, at the price of a softer lepton spectrum. 
The Xi reconstruction is still possible but the presence of three neutrinos (two 
additional neutrinos come from the leptonic r decay) renders the reconstruction 
of the particles earlier in the decay chain difficult. The analysis efficiency is 
essentially unaffected with respect to the low tan/5 CclSG clS long as the mass 
difference between the fi and the Xi is larger than ~ 50 GeV. For fi and x? 
masses too much degenerate, the transverse momentum of the charged lepton 
coming from the r decay would often fall below the analysis requirements, leading 
thus to a reduction of the signal efficiency. The reach in the mo — mi/2 plane is 
shown in Figure ^ for tan f3 = 35 and three different choices of the X211 coupling. 
The branching fraction for the decay xf — > fiz/,- is higher than 50% to the left of 
the dotted line, and the region for which a reduced signal efficiency is expected 
is displayed as a grey area. The reach for Xi detection is similar to the low tan /3 
case, but the region in which the full reconstruction of the sneutrino decay chain 
is possible is severely restricted. 



5 Conclusions 

We have analysed the resonant sneutrino production at LHC in supersymmetric 
models with R-parity violation. We have focused on the three-leptons signature 
which has a small Standard Model background, and allows a model-independent 
mass reconstruction of the full sneutrino decay chain. 

A detailed study for an example MSSM point has shown that the mass re- 
construction analysis has an efficiency of a few percent, and that a precise mea- 
surement of the masses of z/, , Xi can be performed. Both the Standard Model 
background and the backgrounds from other SUSY pair productions were stud- 
ied in detail, and shown to be well below the expected signal for a value of the 
considered coupling \2ii taken at the present low-energy limit. 

The trilepton signal from sneutrino production was then studied as a function 
of the model parameters under different model assumptions, and sensitivity over 
a significant part of the parameter space was found. Within the MSSM, the 
production of a 900 GeV sneutrino for A211 > 0.05, and of a 350 GeV sneutrino 
for X211 > 0.01 can be observed in the first three years of LHC running. In the 
framework of the mSUGRA model, the region in the rriQ — mi/2 space accessible 
to the analysis was mapped as a function of the value of the i?p-violating coupling 
for representative values of tan/5. A significant part of the mo — mi/2 plane will 
be accessible for \2ii > 0.01. 

Although the detailed study was focused on the case of a single dominant 
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\'2ii coupling, we have found that the resonant sneutrino production analysis can 
bring interesting sensitivities on all the ftp couplings of the type Agj^, compared 
to the low-energy constraints. The resonant sneutrino production should also 
allow to test most of the X'^^f^ coupling constants. 

In conclusion we have demonstrated that if minimal supersymmetry with R- 
parity violation is realised in nature, the three-leptons signature from sneutrino 
decay will be a privileged channel for the precision measurement of sparticle 
masses and for studying the SUSY parameter space, over a broad spectrum of 
models. Analyses based on the study of events including three leptons, were often 
advocated in the literature [^-|^ as a particularly sensitive way of attacking the 
search for SUSY at the LHC in the standard R-conserving scenario. The higher 
lepton multiplicity and the possibility to perform precise measurements of the 
model parameters make this kind of analyses an even more attractive possibility 
in the case of R-parity violation with dominant A' couplings. 
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